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this inventkui relates to conjugates which comprise polypeptides tncorpbiatln^ aW antigenic determinant 
coupled to a carrier, to theb' preparation and to their use in raising antlt)odies. 

The alms of a good vaodne should be to provide a rapid onset of immunity that is of long duration and 
piovSdes immunologicai m«iKiry fc»^a sutiseq^ indculatibn or enbbiinter with the infectious agent The vac* 
cine fbrmulatton must also be easy to admhister, stable, have mintmial side effects and produce broad prelec- 
tion in the recipient These alms are largely met by many existing convnercial produ^ Klowever, conventional 
vaccines based on inactivated infectious agents do present problems. These include the undefined nature of 
the immunizing antigen, whether the product is tr uely innocuous, risk associated with handling large amounts 
of infectious materia, stability and limitations on the mode of presentation, generally resulting from problems 
ofstaUity. 

In an attempt to produce more stat)le and defined vaccines scientists have been studyirig the bimune re- 
sponse to many infectious agents in detaO in order to identify the cnlical epitopes Invohred in providing protec- 
tiva immunity. Armed with this knowledge ft Is now possible to mknic such epitopes by producing short peptides 
and to use these as the l>asb of a vacdne. The advantages <rf such peptkie t>ased vaccines are numerous. 
They are chendcaBy defined, stable IndefinHely aiMl no Infecttous material Is ^vdved In their manufacture. Fur- 
thermore, they can t>e designed to sfimuiate the appropriate immune response and provide the opportunity 
for using novel delivery systenr» and for targetting the antigen. From the manufecturers viewpoint they shoukl 
also reduce the need fora targe scale produdkm plant and for complex downstream processir^ of the product 

Desf^ ttiese dear advantages a number of criticisms have been levelled at peptide-based vacdnes. 
These Indude the requirements for undefined carrier proteins and the t>ellef that the bnmunogenicrty of a pep* 
tide antigen coidd never approach that of the native organism. It was generally assumed that due to thek* rel- 
atively small mdecular size many synthetic peptides woukl t>ehave like haptens and would require, coupling 
to a large "foreign" protein carrier to enhance their immunogenicity. InrHnuhization with such corrugates <)f ten 
resulted in the productton of anti-pepfide antibodies that totally failed to recognise the native protein or infec- 
tious agent due totheniet hod of peptkle/Scarrierlinkage. Other prol>iern^^ 

that could be encountered were liypersensHivity to the "foreign" carrier protein and poor l>atch lo batdi repro- 
dudbility of t he con^gates. 

There has recently been interest in the use of hepatitis B core antigen (HBcAg) as a carrier protein. Clarke 
et al, Nature 330, 381-384, 1987 describe a fuston protein composed of the tnajor antigenic site of the VP1 
capsid pioliblndf foot-and-mouth disease virus (FMDV) fused to the amino-tarminus of l4BcAg. The fusfon pro- 
tein seif-assembled Into regular 27 ran core-like partteles. These partides were almost as imnnmogente wfth 
respect to FMDV as the native virus iti^f. 

- EP^A*O27i302 dalms immunogenic polypeptide conjugates comprising HBcAgoperatively liriked through^- 
an amino add residue side chain to a polypeptkie immunogen. It also claims immunogenic fusion proteins com- 
prising HBcAg prob^ o^iarativdy linked |yy a peptide bond to a pathogen related invnunbgen. Spedfle T cell ' 
stirmjlatlnjg pblypepti^^ 

We have bivestigaM cherTtolly coupling r>dypeptkfes to HB^ partk:les. Each time^ however, satisfao- 
tory results could not be obtained. In particulan 

1. We sought to couple hepatitis B surfece antigen (HBsAg) to HBcAg via skie chain amino groups pn 
HBcAg by derivatising the HBcAg p2u1k:les wit h sucdnimkiyM-(N-male{iiiklo-rriet car- 
boxyiate (SMCb ju Littte or no derivati^ 

2. The apprrach ki 1. was repeated but using rn-inalelmklo^benzoyi-Nrhydroxysucdnu^^^ (MBS) 
instead of SMCC. Again, Utile or no derivatisatton of the HBcAg partfcles occurred. 

3. Coupling of HBsAg to HBcAg partides was tried with glutaraldehyde. Coupling occurred at a high con- 
centration of glutaraldehyde. However, the ghjtaraldehyde badly damaged the HBsAg. There was a se- 
verely reduced response to HBsAg. when the resulting complexes were admlntetered to mtee. 

4. We sought to couple a Cys-conlaining FMDV VP1 141-1 60 pepUde to sMe chain amino groups on HBcAg 
using bts(malein)kfe)methyl ester (BMME). The HBcAg partides were reduced, derivattsed with BMME and 
reacted with the pieptide. Although coupling occurred, only low antibody responses to FMDV were induced 
by the resulting material. 

In order to overcome these difficulties, we expressed a fiiskm protein composed of a short Lys-containing 
sequence fused to the amino terminus of HBcAg. We then coupled peptkles to this modified HBc^ protein 
via the side chain amino group of the Lys residue. Coupling proceeded successfully. The resulting conjugates 
raised both antipeptide and neutralising antitxxSy. Th method is simpi , ffbtent and can allow the peptide 
to be coupled in a defined operation. 

Accordingly, the present inventk>n provkles partides whk:h are composed of HBcAg provided with a N- 
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; terminal extension incorporating a-Lys^midu^ Withih th f &st fouirteeh N-terrniriat amino acid residues of the 
extension and to which are coupled via th side chain anilno group of th said Lys restdu a polypeptide which 
presents an ant^enlc efritbpe^ v -J: 

Any desired polypeptid my be cotiplejd,tp the modified HBcAg particles. However, present on the pdy^ 
peptide there needs to be a grbdj) such a^-NA^'oT^^^ capalrie of belrig coupled to the side chani amino group 
of the Lys residue in the l^-termlnal extension of HBcAg. The polypeptide typically presents a foreign epitope, 
Le. an epitope which Is not an epSope of HBcAg. 

The polypeptide may comprise an antigenic epitope capatde of raising neutraKstng antibody, for example 
an epitope of an infectious agent such as a virus, bacternim or protozoan. It may be an epitope of a norKinfec^ 
tious agent such as a growth hormone fragment The polypeptide may comprise repeats of an epitope, for ex- 
ample up to eight or up to four copies of an epitope. Two copies of an epitope may therefore t>e present In the 
polypeptide. A polypeptide may comprise two or more different epitopes, for example three or four. 

As examples of viruses whose epitopes may be presented there may be mentioned hepatitis A virus, hep- 
atitis B virus. Influenza virus, foot-and-mouth disease virus, pollovirus, herpes simplex virus, rabies virus, hu* 
man immunodefictoncy virus type 1 (HIV-1), HIV-2, simian immunodef iciency vrus (SIV), human rhiriovb^us 
(HRV), dengue virus and yellow fever virus. The polypeptide coupled to the nmiifled HBcAg may be therefore 
HBsAg or a polypeptide comprising the major FMDV VP1 antigenic site. A protozoan whose epitopes may be 
provided is the nialaria parasite Piasmodhirh falciparum. 

Apeptide Incorporating the major FMDV VP1 antigenic site which may be employed comprises a sequence 
starting at a residue from 137 to 142 and ending at a residue from 160 to 162 of VPi of FMDV, for example of 
any of the FMDV serotypes. Typical sequences are VPI residues 140 to 162, 140 to 160, 137 to 162. 137 to 
160 or 141 to 160. A polypeptide comprising tandem repeats of such a sequence or mixed serotype tandem 
repeats of such a sequence can be coupled to the modified HBcAg particles. 

Stable peptides comprising tandem repeats of the major FMDV VPI antigenic site are peptides compris- 
ing consecutive sequences, each sequence made up of no more than 30 amino acid residues and comprising 
the same femmunogenic sequence, this Immunogenic sequence b: ■ - ^ 

(i) a sequence starting at a residue of from 137 to 145 and ending at a residue from 150 tp 162 of VPI of 

FMDV sub- type Of, or 

(ii> a sequence of corresonding amino add residues of another subtype of serotype. 0 or of a sut>type of 
a different FMDV serotype. 

The peptides may therefore be tandem repeats of an imrnunogenic sequence. Alternatively, a peptide com- 
posed of consecutive sequences may t>e provided In which one or more of the sequences comprises additional 
amino acid residues not actually part of the repeated knnnjnogenic sequence. Such additional arhino add re- 
sidues may t)e present to link each irnmunogenic sequence. Such a linking sequence may be 6orrqx>sed of . up 
^^01^ aminoacfcl residues^ for exarriplefirom^ 
is bonded dbectty to the next 

The peptides can comprise any number of repeats of the inrymunogerilc sequerice. For example, from two 
to eight and, more preferably, from two to four repeats may t>e present Thie peptides may or ihay not emi at 
the C-terrriinai arid/or N-termihal with a nonrnatural c^telne residue. 

The sequence oomprisLrig the irn^ 
sidues. The length of the sequence depends on the length of the immunogenic sequence although additional 
linking amino add residues and possibly a O-termincri and/or N-termlnal non-natural cysteine may be present 
too. Preferably, however, each consecutive sequence is no more than 26 residues long. 

The peptides present repeats of the major FMDV VPI immunogenic site. The major FMDV epitope is. typ- 
ically d^lned by at least amino add residues 142 b 1 60 of the VPI capsid protein. This appii^ in particular 
to serotype Ov An fonmunogenk: sequence which may therefore be repeated Is that defined by VPI anvno 
add resklues 142 to 160 of FMDV serotype O,, optionally extending down to amino add 137 at the IM-termlnal 
and/or up to amino add 162 at the Otermin^, or by corresponding amino adds of another serotype. Typical 
sequences are VPI rescues 140 to 162, 140 to 160. 137 to 162 or 137 to 160 of serotype O or A, for example 
of subtypes Ot and At2. These typical sequences may be repeated twice, for example. Useful peptides are, 
using the one-letter code: 
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I NRNAVPNLRGDLQVLAQKVARTLPTS ) , , C ? 

(137-162,Ai,)-(137-162,A, J )-Cys: ^ 
( YSASGSGVRGDLGSLAPRVARQLPAS ) ^ i C. 



Smaller &TwnunogenIc sequences of the FMDV epitope may be presented, however. For exam^e, the se- 
ts quence defined by VP1 residues 145 to 150 of serotype 0| may be presented In this way. Consequently, the 
FMDV sec^ce which can be repeated may t>e defined more broadly by VP1 residues 145 to 150 of serotype 
0|, optionally extending down to arrino add 137 at the M>tairmlnal andfor up to amino add 162 at the Cter- 
minal, or by corresponding amino adds of another serotype. Usefkil smaRer peptides are: 

' (145-150,0^ )-{145-160,O^ )-Cys: 

RGDLQVRGDLQVLAQKVARTLPC; and 
^ (145-150.0, )-(14S-150,O,)-(145-160/0, )-^^^ 

RGDLQVKGbI.QVRGDLQVLAQKVARTLPC. i 

Suitable peptides compnsing mixed serotype iaridem repeats of the major FIWDV VPI antigenic site are 
30 represented by the formula (I): 

C-X-Y-Z-C- (I) 

in which X represents (I) a sequence starting at a residue lipm 1 37 to 142 and ending at a residue from 1 60- 
i62of VP1 of Fi«DV subtype 0| or <10 a sequence of oorrespoifiding amino add resldu 
of serotype 6 or of a ffliibtype of a dif ferert 
3* YrepiTOents a direct bond or a llnldng sequence 

*^vv.^^Zre^^ 
by X; arid : 

C* and Mch Independently represent an optional cysteine re^ue. 
Each inununogenlcsequenceXandZlsd^^^ 
A Ot, optionally extending ctewn to an^ni^ 

mlnal. or by cpfTsspondlng amino adds of another subtype of serotype 0 or of a subtype of a dfferent FMDV 
"swjtype. Typical ^<^^ 

llie frnmuiibgenlcsequ^ 

C, Asia 1 , SAT 1» SAT 2 and SAT 3. A useful pepSde comprises Ot and Ati sequences in either pider. The im- 
45 munogenic sequences may be linked diin^ or vie ujp to six. lor exampfai frorn 1 to 3. amino add residues. 
Preferab(y/aC-terminai non-natural c^te^ rwidue Is present PrpfiOTM peptides are, according to the orie- 
letterobde; 

{137-162,Oj)-(137-162,A,V)-Cyss 

NRNAVPNLRGDLQVtJVQKVARTLPTS-YSASGSGVRGDLGSl^^^ and 
(137-162,A,,)-(137-162,Oj-Cys: 

YSASGSGVRGDLGSLAPRVARQLPAS-NRNAVPNI.RGDLQVLAQKVARTLPTS-C. 

A preferred polypeptide for coupling to the modried HBcAg partides comprises the HRV Ninvll pitope 
f EP*A-0287395. This epHope is deTmed by amino add residues 156 to 164 of VP2 of HRV2 or equivalent 
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^'^^'vdnfiflixiri^^ of'landtNer HfW; These an^iio ^ds^n^ by bthei^ afram> ackJs which do not 

VKAETRLNP. ' 

■■• ■ ' EquKralent amino add residues bf other KRVs are the VP2 amiho add residues corresponding to the VP2 
amino add rescues 156 16 164 of In other cordis, they can be the cbunteipart VP2 residues of another 
HRV serotype. These can readfly be determined by lining up the VP2 sequenc^f another HRV wft h the VP2 
sequence of HRVZ This is a straightforward matter because of the homotogy between VP2 sequences of dff- 
ferent types of HRV. 

The polypeptides may be relatively short peptides of up to 50, for example of up to 40 or of up to 30,' antino 
add residues. Alternatively they may be longer of . up lo, for example ICQ or 200 amino add residues &i length. 
They may be proteins. They may have been obtained by chentol synthesis or by recdndHhanI DMA m^hod- 
ologies. 

The partides to which the polypeptides are coupled consist essenb'ally of HBcAg provided with a N>ter- 
mind extension which Incorporates a Lys residue. HBcAg self-assembles into partides 27 nm in diameter. The 
modified HBcAg's also self-assemble to form core-lilce partteies. More than one Lys residue may l>e present 
in thie N-terminai extension. Up to sbc Lys residues, for example up to four Lys residues, rr^y t)e fvovided. 

The N-terminal extension may have any appropriate length provided the HBcAg with the extension can 
seiF-asserhble into core-like partides and provided a Lys residue in the extension Is exposed availatile for cou- 
pling. The extension may t>e up to 250, for example up to 200 or up to 100 amino add residues long. A short 
extension niay be up to 60, for example up to 40, 20, 10 or 5, amino add residues long. 

A suitable extensbn comprises residues 95 to 102, for example 95 to 104» of the VP1 capsid protebi of a 
strain of pdiovlrus type 1 (PV1) such as the Sabin or Mahoney strain: 
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^Ww.^is^howslhe>6equences^GConlin94o^tbe.o^ 
K denotes Lys. These sequences span the proposed major ant^enic site on PVl VPl. Another suitable ex- 
tension comprises residues 156 to 164, for example 156 to 170» of the VP2 capsid protein of HRV2 crequivalent 
amino add residues of another HRV. For HRV2, these residues are: 

156-164: VKAETRXNP 
156-170: VKAETRLNPDLQPTE 

The PVl- or HRV- derived sequences may be provided with linker sequences at either or each end, for 
example of up to 5 or of up to 3 amino add residues. For any N-terminal extension of HBcAg, there is at least 
one Lys residue within the first fourteen N-termlnai residues, for example orte Lys residue within the first five 
or first twelve such residues or two Lys residues within the first fourteen N-lermlnal residues. For a selected 
polypeptide it is wished to couple, it may be appropriate to choose a HBcAg with a N-terminai mctension com- 
prising a Lys residue dose to the N-termtnus of the extension. Also, the N*terminal extension may desirably 
be hydrophOic. 

Amodified HBcAg provided with a N-terminal extension comprising one of these sequences dr any other 
sequence incorporating a Lys residue may be obtained by genetic engineering, for example according to JP- 
A*196299tra. More spedficaliy, such a modified HBcAg may be obtained by providing a gene needing the 
modified HBcAg in an appropriate expr ssion vector and xpresslngth modified HBcAg In a host transformed 
with the vector. 

A gene encoding the modified HBcAg may b prepared by synthesising a DNA sequence encoding the 
desired N-terminai extension and, with appropriate linkers as necessary, ligating it to the 5 -end.of a DNA se- 



"^/S'w^ vector, such as a ptasirM. capable of expressing HBcAg may be employed where there Is 
an appropriate lestHdlon i»ito at the S^end of the DNAsetmence encoding "BcAg. Apr^J,^^Bn«e^^ 
the deUed Nirmlnal extension for HBcAg Is Inserted at that site. A faslon protein withlhe rWerinlnal exIaiH 
sibn linked to the amtoo-terntfrais of HBcAg Is expressed, ^-.-^ . 'i, ' ' ^ ^ «^ 

A sunable exi>»sslon vector is plasmid pBc404. (JM 101) harbouring tWs plasmNl ^ deposited 
atttoNatkmalColle^oflnduslrW 

numberNaB40111.Thisplasmidcodesforanamplcnilnase9eneasselec»ionn^ 

bacterial promoter, tac located upstreamof the HBcAg gene.The P««e'«»°'"«««**^'*"^^^ 
SSJwsM»teerltonofasynthet!coll9onud«^^^ 

^JS«^t^ preparJacconllnfl to the invention by coupling the polypeptide P«senBng^an anttgenic 
determinant to the modified HBcAg via the side chain amino group of the Lys residue present within the final 
f^ZTte^ralamlnoaddresLesofthemodiftedHBcA^^ 

fled HBcAg wKh a bifanctlonal reagent capable of linking to an amino group and to a sulphy*Tj^g.iw^ 
thus^leriv^ modified HBcAg is reacted with the poVpeptMe which, if not possessing a fiee sulphydryl 

«^r«e^ssr;C!i 

(SPDP). The bitunctional reagents generelylnchideagroupcapabte of for^^ 

peble of forming a disulphide or thioether link. A sulphydryl group may be provMed on thepolypwtide It te 
!ZU to^! tothe inodlfied HBcAg by the provlston of aN-terminal 

reaction of amino liincBons with 2-Uninothiolane orthe N-hydroxysuccinhiide ester of 3K3HJith»m^ 

pionate or S-acetylthteglycolte ackJ. After reaction with S-acelylthioglycdic add KMiydraxysucdntnyde ester 

(SATA) deacetylatfon of the SATA with, tor exampte. hydroxylamine produces free ^ Snuja. ^ _ 

In predfce the modified HBcAg partfcles are generally provided in a buffer such as Ph»sphate bu«^al 

a dH of about 7 A molar excess of the bifuncBonal agent In an inert solvent, for example 

J dtShylformamide. Is added. Dertvatisatfon of the ^^^^^^^J^^'^ 
hmcttonal agent is removed, by filtratton for exampte. Excess of the polypeptrie to be 

parMee is then added. Coupling occurs and the resulting conjugates composed of the polypeptide Imked to 
the modWed HBcAg parfides are recovered, for example by fUlratton. 

The modified HBcAg core partteles may be carboxymethylated before use. The purpose otmato Uock 
sulphydryl groups on the core partWes prior to derivatlsaBon and thereforeto preventcore P;°«~«^^ 
llnWngXnabftincltonal reagent IS used tocoupletheN-termlnai-sWed^^^ 
Sd«^^HgrouponapdypW<^^«thy«attonca^ 

todoacatemWe. Excess reagent can be separated by gel fBtration or dialysis. '^ .^ k^,>»m. 

^e conjugates are useM for raising antibody to the antigente determinant presented by the polypeptide 
linked to the TOcAg partfcte8.Theconjugates therefore may be used as vacdnes for humans or animals. Vao- 
l:i?iL:re:S?yadm.n.steri^^ 

ora parenteral route such as su^culaneouSly. intravenously or Intramuscularly may l»ado»teKl.TVpl«flly,tt^ 
coi4i«ate b administered in an amount of 1 to 1.000 pg per dose, more preferably 10 to 100 pg per dose, by 
Atthar the oral or the parenteral route. > . 

Fci«WnislrattoiToUigateb a P^^"'"''^^:^^'^^^'^'''' 

enL Comrentfonal formulattons. carriers, adjuvante and dihiente may be emptoyed. These win of oourae be de- 
Snli^S^ytTroute of adminislrafion. Suiteble carriere and diuente indude FreumTs ln«jmplele a<^ 
(IFA). ahimlnkim hydroxide, saponin. DEAE-dextran. muramyl dipeptWe. mineral oils n';'*^ 
glycd.vegetebleoilssuchasaiad»lsol.Tscoms\llposomes.Pluronte{t«demark)^^^^ 

*^Jfo»ji^g B^^es illustrate the invenlton. In the accompanying Figure plasmid pBc404 ^f*<o*^^ 
E and P denote restridton sites for BamHI. EooRI and PsU respedlvely: tec denotes the tee promoter, oil de- 
notes the orlgta of repHcatkm; bla denotes fWactemase and SD denotes the Shine-Dalgarno sequence. 

Example 1: Preoaratton of HBcAo orovWed at Ite t*-temilnu8 Wtth a short extenston comprising PV1 Mahe- 
ney VP1 resMuee 95 te 104 <PV core) 

AnexpressionplasmWforPVcorewasprepared.basedonth parentplasmWpBc404.shownlnthengure. 
Synthetfc dIgonudeonudeotWes representing amino adds 95 to 104 of VP1 from PV1 Mahon y were llgated 
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!nto|>Bc404 using T4I^ Ws^dBsapm:edufB3.Jfrs^ 



10 



15 



20 



25 



2. GATCCTTATCTTTGTTGGTACTACTAGCCGGATTATCTG (39) 

AATTCAG ATAATCCAGC TAGTACTACC AACAAAGATA AG 

GTC TATTAGGTCG ATCATGATGG TTGTTTCTAT TCCTAGG 



10 20 30 40 

ATGAAtTCAGATAATCCACCTAGTACTACCAACAAAGATAAGGATCC. .... core 
M N S D N P A S T T N K D K D 

I II . , . I 

LINKER POLIOVZRU5 



Bacteria (E^ JM 101) harbouring the recombinant plasmid were induced for exbresslon usinn 
^^^-^ norvlonic detergent l^abnent Bacterial debris was ren^Ved by cenlS^^^ 
Supwnatartsarnpleswerefracltonate^ 
S5 trriugation at 40000 rpm fori hour or used directly for derivatfeatbn after dialysis of sucrose. 
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E^p»e2: Coupling ofthepepBdecomposedofFMDVN^I reaMu^^^^^^^ wht.k t^, „ tnrmi 
nal Cys residue, (FMDV 141-160 GvsHo PV cok^ ■ ' ., ■ . wnicnnasasoa c-temtf- 

. Pycwwi. purified on two opnsscutive sucrose gradients, were oassed at an>iw>onintu,.^E il-h ^.^ 
plw|e hrffi^at a cprttenlTBto^ then dertvatised by adding 1/20 volumn?SS6c dtalSS 

After 30 minutes at room temperature, the SMGC was removed by fBiration throuoh Seohade^ Gioo in 

G^^^Ti^'^^'^^f?" was separated from the derivatised PV cores l^f fBlnZ. throughSSSZ 
G200. The PV cores with the peptide attached were leeoverad. *>»pnaow 

Exampie 3: Coupjinfl of HRV2 peptide to PV cores 

andS.!s:Si::JSL'^ 

VKAETRLNPDLQPTC 
was coupled to PV cores. The PV cores with peptide attached were recovered 
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Exanple 4: Carboxymetriylatlon of PV cores . 

PVcores after dtaiysis of stidios^ arki obHi^»Y^ in an amountof 200 

5 pgAni with lOmM ibddacetamlda in Q.5M^^ri^^ the dark. Excess re- 

agent was separated from the thus carlxncymethylaM 

Example 5: Coupling of hepatffe B surface antigen (HBsAg) to caitbxymethylated PV cores 

10 Carfooxymethylated PV cores from Example 4 were derivatised with an equimolar amount of SMCC in dl- 
methylfbrmamide (DMF). The amount of SMCC was one-twentieth the vohime of DMF. HBsAg partides ex- 
pressed in yeast were derivatised at 200 pg/mt with S-acetylthioglycolic add N-hydroxysucctnimide ester 
(SATA), again at equimolar ratios in DMF. The amount of SATA was also one-twentieth the volume of DMF. 
After deacetylation of the SAtA with hydroxylamlne to produce free -SH groups, equal volumes of the two der- 

f 5 hratlsed particles, each of 200 pg/ml, were mixed. The PV cores with HBsAg attached were recovered. 

Example 6: Coupling FMDV pepfide and HRV2 peptide to cart)oxymethylatBd PV cores 

The FMDV 141-160 Cys peptide was coupled to carboxymethylated PVccms in accordance with Example 
20 5. in a separate experiment, the HRV2 peptide descrit>ed in Example 3 was coupled in the sarhe way to car- 
boxymethytated PV cores, in both cases, however, derfyatisation was effteted in 50mM phosphate buffsr, pH 
7.8, followed by transfer to 50mM phosphate bu^er, pH 6.8, as quiddy as possible after derivatisation to sta- 
biise the maleimide group. 

25 Example 7: Test results analysing the coupling of FMDV peptide and of HRV2 peptide to PV cores 

Tests were csrried out to analyse the PV cores with FMDV peptide attached, obtained in Examples 2 and 
6, and with HRV2 pepGde attached, obtained in Examples 3 and 6, as follows: 

(a) Pplyacrylamlde gel electrophoiests. This showed that all of the core protein had been shifted to a higher 
3)9 RWlecdar weight due tp the addition of peptide. 

{h) Western blottiiig. Following gel electrophoresis proteins were transferred to nitro cellulose and reacted 
with anticore or antipeptide anttsera. The residts showed that the h^her molecular weight forms of the 
protein appearing after coupling reacted with both antisera as expected. 

(c) EUSA. 

35 (9 Assays were performed Ksy a sandwich method in which anticore antiserum bound to th 

«^^^ii2i^^lo*tepderlVa^sedc^ 
antiserum. These showed that the derlvatteed particles had both core and peptide antfgenicfty. 
(n) Titration by EUSA of 8nti-HRV2 peptide antteerum against fusion core particles wheris the KRV2 
peptide sequence was fused to the N-termlnus of the core protein and against PV cores to which the 
40 HRV2 peptide was coupled gave ^mSar resists. As equal amounts of the two particles were used in 

the assay, the antig<mlc activity of the ^l^termk1al fusion partides 

was substantially the same. The anti-HRV2 peptide antiserum was antiserum raised against the Hl^ 
pepMe attached lii Examples 3 arid 8. 

(d) Sucrose density gradients. Ttrls analysis showed that coupling of the FMDV peptide to cores resulted 
45 in particle aggregation. They pelleted to the bottom of the tube. PV cores coupled with HRV peptide sedl- 

mented to the same position as untreated cores and had l>oth core and peptide immunogenidty by EUSA. 

(e) Electron microscopy. PV cores coupled to HRV2 peptide have been examined and are regulv looking 
particles. Electron microscopy of imrmtne bomplexes formed between PV cores coupled to HRV2 peptide 
and antl-HRV2 peptide antiserum showed thatthe core particles were linked by antibody. 

50 (f) Immunogenictty. 

(1) FMDV peptide coupled to cores gave neutralizing activity with <20|ig of coupled material (<2iig pep- 
tide). 

(K) The IrnnnunogeniiB activity of the HRV2 peptide N-termlnal fusk>n core particles and the chemkraUy 
coupled particles was compared in guinea pigs using 20 |ig doses of each antigen. The antisera were 
55 tested at various times post-injection by ELISA against the HRV2 peptide. The results were: 
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15 



boost 



Pay chemically coupled core 

0 <1 

14 2.9 

28 3.9 

56 3.9 

63 4.1 

70 4.1 

84 4.2 



fusion vjcpiii 

<1 

2.3 

3,3 

4.0 

3.9 
3.9 
3.9 



20 The antigens were injected intramusculariy in incomplete Freunds adjuvant 
Example 8: Preparation of FMPV tandem repeat peptides 

The peptides shown l)eiow were synthesised by the solid-phase method. fAom speclficairy, synthesis was 
25 carried out using an adaption of the Merrif leld technique (Ivlerrif ield, JAGS 85 2149-21 54» 1963) descrll>ed by 
Houghton (Houghten, Proc. Nad, Acad. Scl. USA 82 5131-5135, 1985). Each peptide has an additional non- 
natural cysteine residue at its C-terminus except for peptide 199 which has a C-terminal non*nahiral glycine 
residue. 

Each peptide was synthesised on a p-methyl-benzhydryiamine divihyll>enzene resin. The alpha-anriho 
30 protedihg group on each amino add was t-t>uta3^rcarbonyl (Boc). Each coupling cyde was as follows: 

1. Wash resin with dichioiomethane - 10 ndnutas 

2. Wash with 5% diisopropylethytamlne in didiloromethane - 2 minutes x 3 

3. Dichloromethane wash - 1 minute x 2 

4. Couple t-butoxyciart)onyt amino acid dichloromethane, 0.3M diisoprDpylcart>odilmMe - 80 minutes 
35 5.As3 

....,,*w..^^-«.^g..^prol^^,^ dichloromethane -20 minutes^ . r-^.^t.^.^:^ - 

• 7. Dichloromethane wash - 1 minutes x 8 
8, Return to 2. 

' When the coupling cydes were completed the peptide was deaved off the resin using hydrogen fluorMe 
for 1 hour withan anisde scavenger 10%. The peptide was thus ot>tained wtth a carboo^terminal amide group. 
It was then etherwashed, dried, dissolved In 15% acetic acid and lyophnlized. 
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PMDV 137-162-137-162-Cys 

{ NRNAVPNLRGDLQVLAQKVARTLPTS ) , , C 
FMDV 137-162-137-162-Cly 

( NRNAVPNI-RGDLQVUAQKVARTLPTS ) , , G 
PMDV 137-162-137-162-Cys 

( NRNAVPNLRGDLQVLAQKVARTLPTS ) , , C 
PMDV 137-ie2-137-162-Cys 
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REFERENCE 
MUMBER 

198 



199 



315 



318 



( YSASGSGVRGDLGSLAPRVARQLPAS ) ^ 3 C 
PMDV 145-150-145-150-145-160-Cys 

0^/0^/0, 0, 0^ 0, 

RGDLQVRGDLQVRGDLQVLAQKVARTLPC 

PMDV 145-150-145-^160-Cys 

J^GDLQVRGDWVIAQKVARTLPC 



112 
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Example 9: Prepaifaten of FMDV mixed serotypfl> landem repeat peptMes 
The peptides shorn below were synrtheslsed by the solUS-phase m 
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VIRUS PEPTIDE 

FWDV l37-i62-l37-t62^Cy5 

NRNAVPNLRGDLQVLAQKVARTLPTS- 
YSASGSGVRGDLGSIAPRVARQLPAS-C 

PKDV" 137-162-137-162-Cys 

A„B/0, A„B 0, 

YSA5GSGVRGDI.GSLAPRVARQI.PAS- 
NRNAVPNLRGOLQVLAQKVARTLPTS-C 



REFERENCE 

NUMBER 

316 



317 



Example 10: Preparatfon of HBcAg provided at its N-termim» wfth an extensfo n comprlslna HRV2 VP2 resi. 
dues 156 to 170 (HRV2 corSj [ ' ^ ^ 

To construct chlmaeric fusion particles coding for a specific M-lerminal HRV2 VP2 epftope comprisimi VP2 
resWues 156 to 170/synthetlc ollgonudeotldes with cohesive ends for EcoRI (S*) and BamHI respectively 
were prepared using an Applied Biosystems aOlADNAsyhlhTOfeer; These ol^onudeotldes were ligated ^to 
EcoRI-BamHI digested pBc404 wblcti had been purged frorti 1% low melting point agarose by standard meth- 
ods (Francis and aarke. Meth. Enzymology 17^ 659-676, 1989). This DNA was then transformed Into E.coli 
strain JM101, and recombinant plasmlds were restriction mapped from small scale DNA preparations. TheMv 
thetic oKgonudeolldes, how they anneal together and the coding sequence of the N-termiiial extensbn are: 

1 . AATTCAGTTAAAGCGGAAACGCGTTTG ' 
2 • AACCCAGATCTGCAACCGACCGAATGCCGG 
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4. GAtCTGG6rtaSAACGCGTtTC€GCTT^ 

AATTCAG TTAAAGCGgA AACGCGTTTG AACCCAGATC TGCAACCGAC 
GTC AATTTCGCCT TTGCGCAAAC TTGGGTCTAG ACGTTGGC^C 

CGAATCCGC 
GCTTACGGCC CTAG 

30 

ATG AAT TCA GTT AAA GCG GAA ACG CGT TTG AAC CCA GAT 
MNSVKAETR I. ft 9 l> 

. li ■ — -■ 

I.1NKBB EPITOPE 

60 

CTG CAA COG ACC GAA TGC CGG GAT CC.Core 
L Q P T CRD 

Bacteria harbouring recombinant (rfasmids were grown overnight in L-Amp medium to h^h ceH dens^fwd 
dauted with fresh L-bioth(1:10)the following day. Expression was routinely induced bY]hetai.r»diateaddffl<« 
SlmiT60^g/rrfflnalcoJUntoatlon)an^ 

were then Harvested and chhnaericcorepartldes. with N-terminal peptide epllo^^ 

as previousV described (Clarke et al, Nahire MO, 381-383, 1987; Francis and Clarto. 1989). 

Bampli 11: Coupllnfi of HBs Ap to HRV2 cores 

HRV2 cores from Example 10 were derivalbed with an equimolar amount of SMCC hi OMR The amount 
of SMCC was one-twentieth the volume of DMF. Yeast-expressed HBsAg were derivatlsed at 200 ugAnl wtth 
SAmiO eouimolsr ratios of DMF. T^e ampijirt g(SaT>9.J^^ 

laBM of tte SATA wiih h^dr^aiiiine to produce free -SH groups, equal volumes of the two denvahsed par- 
Mes. wch of 200 pgftrl. were nrtxed. The HRN« cores with HBsAg attached were recovered 
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Claims 

aalms for the following Contracting States : BE. CH, DE. DK, FR, GB. IT, U, ML, SE 

1 Hepatitis B core artigen (HBcAg) partides which carry a polypeptide which presents an antigenic epftopo. 
characterised In thatthe HBcAg particles are composed of HBcAg provided with a N-termlnal extension 
Incorporating a Lys residue within the first fourteen N-lermlnal amino add residues of the extension and 
the s«dd polypeptide is coupled to the particles via the side chain amino group of the Lys residue. 

2. Particles according to dalml, wherein the polypeptide comprises an antlgenlcepBopo capable 
neutralising antibodies. 

3. Particles according to dawn 2. wherein the epitope is an epitope of a virus, bacterium, or protozoan. 

4. Particles according to any one of the preceding dalms. wherein the polypeptide Is up to 50 amino add 
residues I ng. 

5. Partides according to any one of the preceding daims. wherelnthe M-termlnal exlerislon is upto BOamino 
add residues long. 
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- V Partedeb iaocbiii^^^^ 5; where^'tte N^t^ up to 40 amino add residues br^ 

7. Parses according to dafim e» wherein the N-terminal extension b up to 20 amino add residues king. 

8. Parlides according to any one of the preceding dafinrts, wherein the isHermihal extension compr^ re- 
sidues 95 to 102 of the VP1 capsid protein of a type 1 pollovirus or residues 156 to 164 of the VP2 capsid 
proteto of human rhinovirus (Hl^ type 2 or equhfsderit amifto 

9. Partides according to any one of the preceding claims, wherein one Lys residue is present within the ftet 
twelve Isl-termlhal amino add residues <tf the extension. 

10. Partides according to dalm 9, wherein one Lys reskiue is present within the first five N-termbial amino 
acid residues of the extension. 

11. Partides according to any one of the preceding dabns, wherein two Lys residues are present within the 
first fourteen N-terminal amino acid residues of the extension. 

1Z Parddesaccordingtoanyoneoftheprecedlngdalms^wherelntheHBcAgprovided^^ 
extension is cartx>xymethyiated. ' 

13. A process for the preparation of HBcAg partides which carry a polypeptide which presents an antigenic 
epitope, charaderfeed in that the polypeptide is coupled to HBcAg partides, which are oomposed of 
HBcAg provided with a N-terminal extension incorporatihg an exposed Lys residue within the flistfourteen 
N-terminaf amino add residues of the extension, via the side chain amino group of th^ Lys residue. 

14. A process aociording to daim 13. In which the HBcAg provided wfth the N-terminal extension is cartMxy^ 
methylated prior to coupling of the pdypeptide. ; 

15. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or diluent and, as acthm 
principle, HBcAg partides as defined in any one of dabns 1 to 12 or which have been prepared by a proo- 
ess as daimed in danri) 13 or 14 which carry a polypeptide which presents an antigenic epitope. ' 

Claims for the following Contracting State : ES 

1. A process for the preparation of HBcAg partides which carry a polypeptide which presents an antigenic 
epitope, which process comprises the step of coupling the polypeptide to HBcAg partides. which are com- 

"* posect of HB<Ag provide lli^ 
first fourteen ^4-terminal amino add residues of the extension, vte the side chain amino ^loup of the Lys 
residue. 

2. A process acconiing to daim 1, kt which the HBcAg provided wHh the M-terminal extension is cartMxy- 
methylated prior to coupling of the polypeptMe. 

3. A process according to daim 1 or 2, wherein the polypeptide comprises an antigenic epitope capable of 
robing neutralising antibodies* 

4. A process according to daim 3, wherein the epitope is an epitope selected from an epitope of a virus, an 
epitope of a bacterium and an epitope of a protozoan. 

5. A process according to any one of the preceding daims, wherein the polypeptide Is up to 50 amino add 
residues long^ 

6. A process according to any one of the preceding dainrts, wherein the N-terminal extension b up to 60 ami- 
no add residues long. 

7. A process according to daim 6, wherein the N-terminai extension is up to 40 amino add residues long. 

8. A process according to daim 7. wherein the N-terminal ext nsion is up to 20 amino add residues long. 

9. A process according to anyone of the preceding dalms, wherein the N-terminal xtension is seleded from 
an extension which comprises residues 95 to 1 02 of th VP1 capsid protein of a type 1 pdiovirus and an 
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. -SS^iigtoP^^!^ prpteinpf liuman rhinovirus (HRV) type 

W A^o^aabnlhi toany i»rf|)reM«Jlng claims 
V twelve Nrtemftial iB^^ 

11. Aprocess accoiding to dahn 10. wherrin one Lys resfcfcie b presentn^hln the fbstfive N-termlnal amino 
acid rasiduas oTtlw extension. 

12. A process according to any one of the preceding claims, wherein two Lys residyes are present within the 
first fourteen N-terminal amino acid residues of the extension. 

13 A process according to any one of the preceding claims, further comprising forming a pharmaeeulicai 
* composHlonbylbrmulatingapharmaceiJticallyacceptablecarrierordnuentwiththesaidHBcAgpBrti^ 
carrying the polypeptide which presents an antigenic epitope which have been obtained. 

PatentansprBche 

PatentansprOche fOr felgenda Vertragsetaaten CH. DE, DK. FR. GB, IT. U. ML. SE, BE 

1 Hepatitis B-Kemanfigen (HBcAg^Teilchen, die ein Pdypopfid tragen. das ein an^genes Epiiop aufweW. 
dadurch aekennzelchnet. daB die HBcAg-Teflchen zusammengesetzl sind aus HBcAg. das n« elnerM- 
endstindigen ErWeiterui^ mit eihem Lys-Rest innerhalb der crslen 14 N^ndstSndigen Aminosaurereste 
der Erweiterung versehen 1st, wobel das PolypepBd an die Teilchen Ober die Seitenketten-Aminogruppe 
desLys-Restesgelcuppeltist ' { 

2. Teilchen nach Anspnich 1. vrabel das Polypeptid ebt antigenes Epiiop aufwelst das zur BBdung von heo- 
tralisierBnden AnOkfln^tern beeWgt bt 

3. Telchen nach Ansphich 2. wobel es sich befcn Epitop urn ein EpHop eines Wus, Bakteriiims oder Proto- 
zoonshandelt 

4. TeBchen nach einem der vorstehenden AnsprOche. wobel das Polypeptid eine Lange von bis ai 50 Aml- 
nosStireiresteh aufwelst 

"--r " TeiiaSnMeffiSfii^&'V^^ 

bb zii 60 Ainbiosaureresten aufw^ 

e. TeilchennachAiwpnich5.wobeldtel*«ndstandlgeErwelterung^ 
" 'resten aufwelst 

7. Telchen nach Anspruch 6. wobel dbN-endstandigeErweiUwung eine Lange von bis zu 20 An^^^ 
reslen aufweist 

8 Telchen nach einam der vorstehenden AnsprOche. wobel die N^»ndsfflndlge Erweiterung die Rwte 95- 
102 des VPI-CapsW-Protelns eines Typ 1-P6Boviru8 oder die Reste 155-164 «tos VP2^^P;°»^ 
von humanem RWnovlf us (HRV) Typ 2 oder Squivalento Artteosaurereste etoes anderen HRV umfaBt 

«. Telchen nacheinem der vorstehenden AnsprOche. wobel 1 tys-Rest Innerhalb der ersten 12 NHmdstSn- 
^Qut Aminosaurereste der Erweiterung vorhanden 1st 

Ht Telchen nach Anspnich 9. wobel ein Lys-Resl Innerhalb der eiston 5 N-endsfindlgen Aminosaureresto 
der Erweiterung vorhanden 1st ^ 

11. TeBcheniwchelnemdervor^ehendBnAnspruche,wobel2Lys-Restolnnerhalbderersten14NH»nd^ 
digenAmlnosSurerested r Erweiterung vorhanden sInd, 

1Z Telchen nach einem der vorstehend n AnsprOche. wob i das HBcAg. das mit der N-endstandigen Er- 
weHerung veisehen 1st. carbopcymethyliert 1st 
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13. Vetfahren ziiT; Herstdlung vm HBcAg-T^^^ in PdypepUd trag n, das ein anHgenes Epitop auf- . 

wei^ dadurcli gekemiz tchnet, daft das Poiypeptid an HBcAg-Teflchen. dia aus HBcAG, das EneM-ehd- 
standee ErweSerung mit einem freOiegenden Lys-Rest inner halbder ersten 14 M-endstandigen Amino-, 
sftureresto der Erweiterung aufwebt, zusammengesetzt sM» Oter die Seiterdcetta^Mi4io9iippe;des 
Lys-Restas geiaippelt 1st 

l4w Vi^ahren nach Anspruch 13, wobel das HBcAg der l^end^dndigen Erwelbning vor der kupplong des 
Poiypeptids carboxymethyfiert wvd. 

15. Pharmazieiitische Zusammensetzuhg, ent haltend efnen pharmazeufisch vertrdgiichen Tragerstoff oder 
Verdunnungsmittef und als Wirkstoff HBcAg^Teilchen, die der Definition in einem der Anispruche 1-12 ent- 
sprechen oder die gemaft einem Verfahren nach Anspruch 13 oder 14 hergesteDI worden sind, die ein 
Polypeptid mit einem antigenen Epitop tragen. 

PatentansprQche f Qr folgenden Vertragsetaat : ES ^ 

1. Verfahren zur Herstellung von HBcAg-Te3chen» die ein Polypepfot tragen* das ein antigenes Epitop auf- 
weist, umfassend die Stufe der Kuppiung des Polypeptlds an die HBcAg-Teilchen, die aus HBcAg[, daa 
mit einer N-endst3nd^en Erwefterung mit einem freillegenden Lys-Rest inherhaib der ersten 14 N-end* 
stSncOgen AmbiosaurBreste der Erweiterung versehen ist^ zusammengesetzt sind, Ot>er die SeStenketten- 
Amlnogruppe des Lys-Restes. 

2. Verfahren nach Anspruch 1tWot>ei das HBcAg mitderN-endstandigen Erweiterung vor der Kuppiung des 
Polypeptlds cartK»cymethyllert worden Ist 

3. Verfahren nach Anspruch 1 oder 2, wobel das Pdypeptid eDn antigenes Epitop aufweist, das zur Bildung 
von neutralisierenden Antikorpern be^higt Ist ' 

4. Verfahren nach Anspruch 3, wobel es sich beim Epitop urn ein Epitop eines Vims, Bakteriums Oder Pro- 
tozoons handelt 

5. Teichen nach einem der vorstehenden AnsprQche. wobel das Polypeptid eine L^nge von bis zu 50 An^ 
nosSureresten aufweist 

6. Verfahren nach einem der vorstehenden AnsprQche, wobel die N-endst3ndlge Erweiterung eine LSnge 
von bb zuj^ AmInosSureresten aufweist 

7. Verfahren nach Anspruch 6. wobel die N-endstdndige Erweiterung eine LSinge von biszu40 Amlnosiu- 
reresteh aufwebt 

8. Verfahren nach Anspruch 7, wobel die N-endstdndlge Erweiterung eine Liinge von bis zu 20 Aminosdu- 
reresten aufweist 

9. Verfahren nach einem der vorstehenden Anspruche, wobei die N-endstandige Erweiterung ausgewihit 
ist unter Erwellerungen, die die Reste 95-102 des VPI-Capsid-Proteins eines Typ l-Pblbvirus Oder die . 
Reste 156-164 des VP2-Capsid-PrDtelns von humanem Rhtnovlnis (HRV) typ 2 oder fiqulvalentB Reste 
eines anderen HRV umfasseiu 

10. Verfahren nach einem der vorstehenden AnsprQche, wobei 1 tys-Rest Innerhalb der ersten 12 N-endstSn- 
digen Amlnosiurereste der Erweiterung vorhanden ist 

11. Verfahren nach Anspruch 10» wobei ein Lys-Rest innerhalb der ersten 5 N-endst3ndigen AminosSurereste 
der Erweiterung vorhanden 1st 

1Z Verfahren nach einem der vorstehenden AnsprQche, wot>ei 2 Lys-Reste innerhalb der ersten 14 N-end» 
stSndlgen Aminosdurereste der Erweiterung vorhanden sind. 

13. Verfahren nach einem der vorstehenden AnsprQche, ferner umfassend die Bidun'g einer pharmazeutf- 
schen Zusanunensetzung durch Herrichten eines pharmazeutisch vertrSgtlchen TrSgers oder Verdun> 
nungsmittelsmitdenerhaltenenHBcAg-TeHcheadi das Polypeptid tragen, das In antigenes Epitop auf- 
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1. 



3. 
4. 



7. 



Ravendlcations pour les EtaU contractants sulvante : BE, CH, DE, DK. FR. GB, IT; LI, NL, SE 

Partfcules de ranligdne du coeur de ni6paUle B (HBcAg) qui portent un polj^^ qui prtteente on 6pl- 
tope antigftnlque, caracl6ris6es en ce que les partlcules HBcAg sont compc^^ de HBc^ nrninl d^^^ 
extension N^mlnrfe Incorporant un rfeldu lysine dans les quatorze premleis r^ldus adde amlnft 
Silnaux de Textenston et en ce que le polypeptide est coupid aux particutes parte ladical amino de 
chaTne latdrale au rdsldu lysine. 

Partkniles sulvant la revendlcatlon 1. ou le polypeptide comprend un Epitope antig^nique capable de pro- 
duire des antfcorps neutralisants. 

Partfcules sulvant la revendicatlon 2, oO Pdpitopa est un Epitope de virus, da I>act6rle ou de prctDzoalie. 

Partlcules sulvant rurie quelconque des revendlcations prtc6dentes; oO le polypeptide a une longueur 
de jusqu'd 50 rftsldus adds amln6. 

Partlcules sulvant Kune quelconque des revendlcafions pr6c6dentes, oO rextenslon N-termlnala a une 
longueur de Jusqi/ft 60 r^sldus adde amind, 

Partfcules sulvant la revendication 5. oO l'extens w^ 

de amln6, i 
Partfcules sulvant la revendk^tton 6, oO rextenslon N-ter^^ 
de amind. 

8 Partlcules suWant I'une quelconque dee revehdlcalions prtcMento^ oft ll'extenelon N-term&«te 

1564164 de la protSinedocapsWeVradurhtoovIrustainatotHIW^ 
Aquivalenls tfun autre HRV. 

9 PartknilessulvairtruneqiwIcomviedesrevendlcattonsprtcM 

10. Partlcules suhrantia i»»endlcatfc>n 9. oO un r«sidu lysine est ptisent dans lea cinq |»wnief8 rfisldua adde 
amin* hHerminaux de rextenslon. 

11 ParllcutessuivantrunequeiconquedesrBvendlcatlonsprtc*denles.oOd8uxr^ 
dans les quatorze premiois rfeidys adde amin6 M-terminaux de rextenslon. 

12. Partlciiles sujvantriinft quelconque des levendicatlons prtcMenles, oii le HBcAg muni de rextenslon N- 
lermltiale est cafboocymtthjd*. 

13 Pn>c*d6 pour la preparation de parBcules de HBcAg qui portent un polypeptide qui prisente un ftpilope 
aSntti^car^encequelepolypeptideestcouplia^pard^ 

de HBc/Si munld-une extension N-terminale inoonwranl uniteMu lysine expos* daiwqialorapre^ 
Swdus^ amin* N-terminaux de |-e>den«ion par le radical amino de ch«lne latfirale du i4sidu ^fsme. 

14. p«H*J6suivan»larevem«callon13.danslequelleHBcAginuniderexl8nslonfl-^^ 
mtthyl* avanl le couplage avec le polypeptide. 

15. Conn«silionpharmaceuBquecomprenantunexdplentou diluent pharn«c^^ 
«^princip actir.d sparticuies HBcAg d4flnies dan* l^mequelcowp»d«m^ 

Z\ ont L prt paries par un pRx:«d6 sulyant la levendication 13 ou 14 qui porta un p lypeplide qui pf*- 
senteun epitope antig6niqu . 
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Revendfcatiohs pour PEtal e ntractant stilvant : E5 

1. Ptoc6d6 de preparation de particules HBcAg qui portent un polypeptide qui pr6sente un epitope antig^ 
nlqua. tequel proc^6 compiend r6lape da coupiage du poTypeptide aux particiiles HBcAg. qui soht 
cx>fnpos6e8 d'HBcAg muni d'une extension N-ternrtf nale incorporant un rftsidu lysine exposd dans tes qua- 
torn premiers rftsidus adde amln6 hMerminaux de rextension, par le radical amino de la chaise Iat6rale 
du rftsidu lysine. 

2* ProcM6 suivant la revendfcation 1, dans lequd le HBcAg muni de rextenslon^f-terminale est cartxxxy^ 
m6thyi6 avant le coupiage au polypeptide. 

3. Proc6d6 survant la revendication 1 ou 2. dans lequel le polypeptide oomprend un Epitope antlgdnique ca> 
pat)le de produire des antioorps neutraJisants. 

4. Pfoc6d6 suivant la revendication 3, dans lequel r^prtope est un dpitope choist parmi un dpltope de virus, 
un epitope de badMe et un epitope de protozoaire. 

5. PiDcdde suivant l\ine quelconque des revendteations precddentes» dans lequel le polypeptide a une lon- 
gueur dejusqu'ft 50 lesklus adde anrine. 

6. Proc6de suivant l^jne quelconque des revendications precMentes, dans lequel I'exlenskHi N-terminale 
a une longueur de Jusqu'd 60 rteidus adde amine. 

7. Pfocede suivant la revendication 6, dans lequel I'extension N-termlnale a une longueur dejusqu'e 40 re* 
sidus adde amine. 

8. Precede survant la revendication 7» dans lequel I'extenskm N-terminale a une longueur de juisqu'd 2a're- 
sIdus adde amine. 

9. Precede suivant Tune quelconque des levendications precedentes» dans lequel Textension N-termlnale 
est choisle parmi une extension qui comprend les residus 95 e 102 de la proteine de capside VP1 d'uh 
poliovlrus de type 1 et une extension qui comprend les residus 156 d 164 de la proteine de capside VP2 
d'un rhinovb'us humaln (HRV).de type 2 ou des residus equivalents d*un autre HRVl 

10. Pfocede suiviant rune quelconque des revendications precedentes, dans lequel un residu lysine est pre- 
sent dans les denize premiers residus adde amine N-termlnaux de Textension. 

11. Precede suivant la revendication 10» dans lequel un rSstdu lysine est present dans les.dnq premiers re- 
sidus adde amine N-termihaux de I'extension. 

12. Precede suivarrt rune quelconque des revendteations precedentes, dans lequel deux residue lysine spnt 
presents dans tes quatorze pr€Hmiers r6sidus adde amine N-termlnaux de rextension. 

13. Procede suivant Pune quelconque des revendrcations precedentes, comprenant, de ptu8» la formation 
d'une composition ptiarmaceutique par formulation d'un diluent ou exdpient phar maceutiquement accep- 
tat){e avec les parttcules HBcAg portant le polypeptide qui presenta un epitope antigenique qui ont ete 
obtanues. 
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